Abstract. The object of study is transmissions off-road vehicle. The purpose of the research is the creation of automated manual transmission (AMT) for all-terrain vehicles. The work describes the main technical characteristics of the vehicles, as well as units that are subject to automated control: friction clutch, gearbox and distributor box with electro-pneumatic actuators. It represents the stand for laboratory experimental studies of robotic mechanical transmissions and the results obtained on the test bench during the work of the transmission units in the automatic mode. The analyzed parameters when working at the test bench is the total time of gear-shifting, the clutch engagement and disengagement, time and magnitude of pressure increase in the transmission automatic control mechanism and power transmission control cylinder, time of synchronization, dynamic loads during gear shifting, the overall power losses in the work of transmission units and other parameters. It also shows the comparison of calculated data and experimental results obtained on the test bench and on the road. It represents conclusions and recommendations on creation of mechanical of multistage transmission with automatic control for off-road vehicle.
Introduction
Improving the technical level of modern vehicles, including all-terrain ones, is highly correlated with the degree of saturation of their units and systems with automatic devices based on microprocessor control.
Microprocessor control provides improved performance of vehicles in many respects: technical, economical and ergonomic. Complexes with microprocessor control which is just a little more expensive than mechanical counterparts are, but by the aggregate measure price / quality is much superior to them. The transmissions of vehicles around the world most often have mechanical synchronized gearboxes with a friction clutch. These transmissions in comparison with typical automatic transmission have such advantages as small weight and size, high reliability and service life, low cost, high energy performance as well as ease of maintenance and repair.
One of the main areas is the automation of mechanical gear transmission control, especially the control of a multi-stage gearbox and a clutch. The invention of microprocessors, capable of operating in harsh environments of all-terrain vehicles with high speed, allows not only to improve the accuracy of control, but also to increase the number of information parameters, thus realizing more flexible control logic. As a result, the automatic transmission control system leads to improved efficiency of the use of the engine power as well as traction and speed properties, it improves fuel efficiency and reduces the driver's fatigue. In the work [1] the schemes and the general description of mechanical transmissions are presented, including with automated manual transmission (AMT), their advantages and disadvantages are described. It should be noted that at present AMT is widely used in vehicles, trucks, intercity buses and all-terrain vehicles. Overview of the types of actuators and control systems of AMT is presented in the paper [2] . Electro-hydraulic [3] , electro-pneumatic [4] and electro-mechanical [5, 6] actuators are the most used. Electro-hydraulic and electro-mechanical actuators are mainly used in cars and light commercial vehicles [5, 7] . Medium and heavy-duty trucks, intercity buses and all-terrain vehicles have compressors that provide air compression and receiverscylinders, which compressed air is to stored, and that is why electro-pneumatic actuators are used there. As you know, the energy of compressed air is used to brake vehicles, control transmission, power take, remote tire inflation, etc. Clutch control systems for trucks with electro-pneumatic actuators are considered in the work [8] . The gearshift process and synchronization are discussed in detail in the works [9, 10, 11] . In some papers, the influence optimization of transmissions shift schedules on the traction performance and fuel consumption of vehicles is considered [12] .
In this paper we consider AMT for off-road vehicle manufactured in Russia.
Characteristics of the Research Subjects
The subjects of study in this paper are the off-road vehicle. Table 1 shows the main technical characteristics of off-road vehicle. Table 2 shows general specifications of the basic 16-stage transmission ТМ16-2000 ( Fig.1) . Table 1 . Main specifications of off-road vehicle. 
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The Results of Experimental Studies
The NNSTU named after R. E. Alekseev (in city Nizhny Novgorod, Russia) carried out experimental research on the test bench, RF patents №154871, №154102 ( Fig. 1 ) for testing of AMT [13] [14] [15] . The test bench allows us to carry out the study of efficiency of the units of mechanical transmissions (the clutch, the divider, the main gear, the splitter, determining the efficiency of the units, the study of the synchronization process, etc.) and mechatronic control systems for automatic or semi-automatic modes. At this test bench we worked out the clutch control algorithms for multi-stage mechanical gearboxes [15] . Figure 2 shows the fragments of oscillograms showing changes in the main adjustable clutch parameters at the moment smooth starting: 1 -position of the clutch fork rod; 2 -pressure in accelerating mechanism; 3 -pressure in a clutch control power chamber; 4 -the angular velocity of rotation of the motor shaft [rpm.]; 5 -torque on the motor shaft [Nm], 6 -the angular position of the gas pedal [%] . Clutch plug rod movement (line 1) plotted on the supporting vertical axis and other parameters -by main. As a result of studies on the test stand we found that at initial pressures in the receiver of 950 kPa, and at the angular velocity of the motor shaft 650 rpm, time of starting off the vehicle (gross weight of 20 t.) for second gear was 1.8 s.
The results of the experimental studies have shown:
-The time of the clutch turning on / off realized by the developed mechanism of automatic clutch control complies with the requirements; -The established dependence of the clutch fork rod from the position of the gas pedal provides a smooth start; -We determined the value of the rational engine shaft speed for the vehicle starting. Within this value the movement with a clutch slip is carried out.
-The developed algorithms of the clutch control of the vehicle on the stand allowed us to reduce 4 times the dynamic loads at the vehicle starting, as well as reduce the time and the clutch slipping, which significantly increases the longevity of the transmission parts.
-The total turn-on time of the transmission -Time of the pressure rise in the power cylinder, the main gearbox, the divider, the splitter; -The response time of the main gear mechanism and a divider in the selection and a given transmission;
-The dynamic moments on the motor shaft and the output shaft of the transmission; -The rotational speed of the motor shaft and the output shaft of the transmission. Figure 3 shows the results of experimental studies of sixteen staged transmission TM16-2000 with experimental samples of the automatic and command drive control in the following sequence 2-4-6-8. A signal from the microswitch of gears of the main gearbox is represented at channel №1, a signal from the pressure sensor in the accelerating mechanism of the clutch control is represented at channel №2, a signal from the pressure sensor in the power chamber of the clutch control mechanism is represented at channel №3 and a signal from the microswitch of the clutch mechanism is represented at channel №4. It is important to note that in the developed automatic transmissions the gearshift is always performed with the automatic clutch control (channels 2-4, Fig.3 ).
The Results of Road Test
After obtaining a satisfactory result at the test stand the sixteen speed transmission TM 16-2000 was installed on the off-road vehicle. Figures 4 and 5 show the waveforms, matching several startings of the off-road vehicle, having TM16-2000 transmission with automatic control on a flat supporting surface.
On channel № 1 (Fig. 4) we can see the value of the pressure in the power chamber of the automatic clutch control mechanism. The maximum value of pressure is about 8 atm. The pressure at which the regulation is provided by the clutch position corresponds to 2-2.2 bar. On channel № 2-we can see the value of the pressure in the accelerator mechanism of the clutch control. Maximum pressure is a bit more than 8 atm., the pressure in the valves, when the clutch position is being adjusted is 2.6...2.8 atm.
a) AMT TM16-2000 on test bench 1 -the clutch mechanism 2 -the studied multistage transmission; 3 -the drive motor; 4 -the loading motor; 5 -the driveline; 6 -the inertial mass; 7 -the remote control Channel № 3 is represented by the movement of the clutch fork rod. At the time of clutch engagement for gentle start of the vehicle the friction clutch plates differ by the amount of 70-80% of their maximum speed. Channel № 4 presents data on the response time of the microswitch of the clutch on the basis of the analysis which will determine the time of the on / off of the clutch and the total time of a gear change (on average about 0.7 seconds.) Figure 5 shows the nature of the pressure measurement in the power of the main gearbox and cavities divider. The movement took place on 1 and 2 in the main transmission gearbox (respectively channels №5 and №6, Fig. 4 ) and the lower divider range (channel №7 Fig. 5) .
Analysis of the results of the road research showed that at ambient temperatures above 0 degrees C the difference is 5 ... 10% max. Due to a more rapid decrease in pressure in the vehicle's receiver by several gear changes. At low outside temperatures, from -15 to -20 degrees C, the data of the laboratory and road conditions differ significantly, up to 35%. To some extent, this is due to additional freezing of the pipes when the vehicle is moving, which is difficult to simulate in our laboratory.
Thus, in general, there is a high qualitative and quantitative convergence with the results of laboratory tests on the stand, and the results of theoretical research. 
Summary
The analysis of the equations of the vehicle movement during gear-shifting. The process of gear-shifting takes place in time and is generally connected with a change in a vehicle speed, which actually results in a significant difference of the actual values of the rpm interval of the leading parts of the transmission from the kinematic interval caused only by the interval of stages of gear ratios. In addition, the value of the actual rpm interval allows us to reliably determine the value of the motor power after completion of the gear-shifting process.
If the time of shifting is equal to zero, the actual rpm interval is equal to the kinematic one; if the vehicle when upshifting loses speed, the actual rmp interval is significantly greater than the kinematic interval; if the vehicle when downshifting loses speed, the actual rpm interval becomes smaller than the kinematic one; and if the vehicle speed is equal to zero, the actual interval will also be equal to zero.
We provide a specialized stand for the study of efficiency of the units of mechanical transmissions (the clutch, the divider, the main gear, the splitter, determining the efficiency of the units, the study of the synchronization process, etc.) and mechatronic control systems for automatic or semi-automatic modes. We provide the results of laboratory tests of transmissions on a test bench.
We provide the results of experimental studies on the road of off-road vehicle, equipped with a developed automatic transmission control system.
It represents the results of experimental studies on the specialized stand, as well as comparison of theoretical and experimental data. The discrepancy between the data is max 10-25%.
In general, there is a high qualitative and quantitative convergence of the road test results with the results of laboratory tests carried out on a special stand, and the results of theoretical research. At ambient temperatures above 0 degrees С the difference is 5 ... 10% max, at lower temperatures from -15 to -20 degrees C, the difference increases to 35%.
